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4 Design of Welded Steel Plate Girders

Notations

References within parentheses are to Bridge Design Specifications, Section 10.

A

areaof cross section (Articles 10.37.1.1,10.34.4,10.48.1.1,10.48.2.1,10.48.4.2,
10.48.5.3 and 10.55.1)

bending moment coefficient (Article 10.50.1.1.2)
amplification factor (Articles 10.37.1.1 and 10.55.1)

product of area and yield point for bottom flange of steel section (Article
10.50.1.1.1)

= product of area and yield point of that part of reinforcing which lies in the

compression zone of the slab (Article 10.50.1.1.1)

= productofareaand yield pointfortop flange of steel section (Article 10.50.1.1.1)
= product of area and yield point for web of steel section (Article 10.50.1.1.1)

area of flange (Articles 10.39.4.4.2, 10.48.2.1, 10.53.1.2, and 10.56.3)
area of compression flange (Article 10.48.4.1)

total area of longitudinal reinforcing steel at the interior support within the
effective flange width (Article 10.38.5.1.2)

total area of longitudinal slab reinforcement steel for each beam over interior
support (Article 10.38.5.1.3)

= area of steel section (Articles 10.38.5.1.2, 10.54.1.1, and 10.54.2.1)
= area of web of beam (Article 10.53.1.2)
= distance from center of bolt under consideration to edge of plate in inches

(Articles 10.32.3.3.2 and 10.56.2)

= spacing of transverse stiffeners (Article 10.39.4.4.2) _

= depth of stress block (Figure 10.50A)

= ratio of numerically smaller to the larger end moment (Article 10.54.2.2)

= constant based on the number of stress cycles (Article 10.38.5.1.1)

= constant for stiffeners (Articles 10.34.4.7 and 10.48.5.3)

= compression flange width (Table 10.32.1A and Article 10.34.2.1.3)

= distance from center of bolt under consideration to toe of fillet of connected

part, in. (Articles 10.32.3.3.2 and 10.56.2)

= effective width of slab (Article 10.50.1.1.1)
= effective flange width (Articles 10.38.3 and 10.38.5.1.2)
= widest flange width (Article 10.15.2.1)
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distance from edge of plate or edge of perforation to the point of support
(Article 10.35.2.3)

= unsupported distance between points of support (Article 10.35.2.7)
= flange width between webs (Articles 10.37.3.1, 10.39.4.2, 10.51.5.1, and 10.55 3)

width of stiffeners (Articles 10.34.5.2, 10.34.6, 10.37.2.4, 10.39.4.5.1,and 10.55.2

width of a projecting flange element, angle, or stiffener (Articles 10.34.2.2,
10.37.3.2,10.39.4.5.1,10.48.1, 10.48.2, 10.48.5.3, 10.50, 10.51.5.5, and 10.55.3)

= web buckling coefficient (Articles 10.34.4, 10.48.5.3, 10.48.8. and 10.50(e))
= compressive force in the slab (Article 10.50.1.1.1)

= equivalent moment factor (Article 10.54.2.1)

= compressive force in top portion of steel section (Article 10.50.1.1.1)

= bending coefficient (Table 10.32.1A, Article 10.48.4.1)

= columnslenderness ratiodividing elastic and inelastic buckling (Table 10.32.1A)
= coefficient about X-axis (Article 10.36)

= coefficient about the Y-axis (Article 10.36)

= buckling stress coefficient (Article 10.51.5.2)

clear distance between flanges, inches (Article 10.15.2)

= clear unsupported distance between flange components (Articles 10.34.3,

10.34.4,10.34.5,10.37.2,10.48.1,10.48.2,10.48.5, 10.48.6, 10.48.8,10.49.2,
10.49.3.2, 10.50(d), 10.50.1.1.2, 10.50.2.1, and 10.55.2)

clear distance between the neutral axis and the compression flange (Articles
10.48.2.1(b), 10.48.4.1, 10.49.2, 10.49.3 and, 10.50(d))

= moments caused by dead load acting on composite girder (Article 10.50.1.2.2)
= distance to the compression flange from the neutral axis for plastic bending,

inches (Articles 10.50.1.1.2 and 10.50.2.1)

= moments caused by dead load acting on steel girder (Article 10.50.1.2.2)

= bolt diameter (Table 10.32.3B)

= diameter of stud, inches (Article 10.38.5.1)

= depth of beam or girder, inches (Article 10.13, Table 10.32.1A, Articles

10.48.2, 10.48.4.1, and 10.50.1.1.2)

= diameter of rocker or roller, inches (Article 10.32.4.2)

= beam depth (Article 10.56.3)

= column depth (Article 10.56.3)

= spacing of intermediate stiffener (Articles 10.34.4,10.34.5,10.48.5.3,10.48.6.3,

and 10.48.8)

modulus of elasticity of steel, psi (Table 10.32.1A and Articles 10.15.3, 10.36,
10.37, 10.39.4.4.2, 10.54.1, and 10.55.1)
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= modulus of elasticity of concrete, psi (Article 10.38.5.1.2)

= maximum induced stress in the bottom flange (Article 10.20.2.1)

= maximum compressive stress, psi (Article 10.41.4.6)

= allowable axial unit stress (Table 10.32.1A and Articles 10.36, 10.37.1.2, and

10.55.1)
allowable bending unit stress (Table 10.32.1A and Articles 10.37.1.2 and 10.55.1)

= buckling stress of the compression flange plate or column (Articles 10.51.1,

10.51 5, 10.54.1.1, and 10.54.2.1)
compressive bending stress permitted about the X-axis (Article 10.36)

= compressive bending stress permitted about the Y-axis (Article 10.36)

= maximum horizontal force (Article 10.20.2.2)

= Euler buckling stress (Articles 10.37.1, 10.54.2.1, and 10.55.1)

= Euler stress divided by a factor of safety (Article 10.36)

= computed bearing stress due to design load (Table 10.32.3B)

= limiting bending stress (Article 10.34.4)

= allowable range of stress (Table 10.3.1A)

= specified minimum yield point of the reinforcing steel (Articles 10.38.5.1.2)
= factor of safety (Table 10.32.1A and Articles 10.32.1 and 10.36)

= specified minimum tensile strength (Tables 10.32.1A and 10.32.3B, Article

10.18.4)

= tensile strength of electrode classification (Table 10.56A and Article 10.32.2)
= allowable shear stress (Tables 10.32.1A, 10.32.3B and Articles 10.32.2,

10.32.3, 10.34.4, 10.40.2.2)

= shear strength of a fastener (Arucle 10.56.1.3)
= combined tension and shear in bearing-type connections (Article 10.56.1.3)
= specified minimum yield point of steel (Articles 10.15 .2.1, 10.15.3, 10.16.11,

10.32.1,10.32.4,10.34,10.35,10.37.1.3,10.38.5,10.39.4,10.40.2.2,10.41.4.6,
10.46, 10.48, 10.49, 10.50, 10.51.5, and 10.54)

specified minimum yield strength of the flange (Article 10.48.1.1,and 10.53.1)

= specified minimum yield strength of the web (Article 10.53.1)

computed axial compression stress (Articles 10.35.2.10, 10.36, 10.37, 10.55.2,
and 10.55.3)

computed compressive bending stress (Articles 10.34.2, 10.34.3, 10.34.5.2,
10.37, 10.39, and 10.55)

unit ultimate compressive strength of concrete as determined by cylinder tests
at age of 28 days, psi (Articles 10.38.1, 10.38.5.1.2, 10.45.3, and 10.50.1.1.1)

top flange compressive stress due to noncomposite dead load (Article 10.34.2.1,
10.34.2.2 and 10.50(c))
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range of stress due to live load plus impact, in the slab reinforcement over the
support (Article 10.38.5.1.3)

maximum longitudinal bending stress in the flange of the panels on either side
of the transverse stiffener (Article 10.39.4.4)

= tensile stress due to applied loads (Articles 10.32.3.3.3 and 10.56.1.3.2)
= unit shear stress (Articles 10.32.3.2.3 and 10.34.4.4)

computed compressive bending stress about the x axis (Article 10.36)

= computed compressive bending stress about the y axis (Article 10.36)

= gage between fasteners, inches (Articles 10.16.14 and 10.24.5)

= height of stud, inches (Article 10.38.5.1.1)

= average flange thickness of the channel flange, inches (Article 10.38.5.1.2)
= moment of inertia, in.* (Articles 10.34.4, 10.34.5, 10.38.5.1.1, 10.48.5.3, and

10.48.6.3)

= moment of inertia of stiffener (Articles 10.37.2, 10.39.4.4.1, and 10.51.5.4)
= moment of inertia of transverse stiffeners (Article 10.39.4.4.2)
= moment of inertia of member about the vertical axis in the plane of the web, in.*

(Article 10.48.4.1)

moment of inertia of compression flange about the vertical axis in the plane of
the web, in.# (Table 10.32.1A, Article 10.48.4.1)

required ratio of rigidity of one transverse stiffener to that of the web plate
(Articles 10.34.4.7 and 10.48.5.3)

= in.* (Table 10.32.1A, Article 10.48.4.1) St. Venant torsional constant
= effective length factorin plane of buckling (Table 10.32.1A and Articles 10.37,

10.54.1 and 10.54.2)

= effective length factor in the plane of bending (Article 10.36)
= constant: 0.75 for rivets; 0.6 for high-strength bolts with thread excluded from

shear plane (Article 10.32.3.3.4)

= buckling coefficient (Articles 10.34.4, 10.39.4.3, 10.48.8, and 10.51.5.4)
= distance from outer face of flange to toe of web fillet of member to be stiffened

(Article 10.56.3)
buckling coefficient (Article 10.39.4.4)

= distance between bolts in the direction of the applied force (Table 10.32.3B)
= actual unbraced length (Table 10.32.1A and Articles 10.7.4, 10.15.3, and

10.55.1)

= 15 of the length of the arch rib (Article 10.37.1)
= distance between transverse beams (Article 10.41.4.6)

unbraced length (Table 10.48.2.1A and Articles 10.36, 10.48.1.1, 10.48.2.1,
10.48.4.1, and 10.53.1.3)
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= length of member between points of support, inches (Article 10.54.1.1)

limiting unbraced length (Article 10.48.4.1)
ljmiu’ng unbraced length (Article 10.48.4.1)

= member length (Table 10.32.1A and Article 10.35.1)
= maximum bending moment (Articles 10.48.8, and 10.54.2.1)

moments at the ends of a member

moments at two adjacent braced points (Table 10.32.1A, Articles 10.36A and
10.48.4.1)

column moment (Article 10.56.3.2)

= full plastic moment of the section (Articles 10.50.1.1.2 and 10.54.2.1)
= lateral torsional buckling moment or yield moment (Articles 10.48.4.1 and

10.53.1.3)

elastic pier moment for loading producing maximum positive moment in
adjacent span (Article 10.50.1.1.2)

= maximum bending strength (Articles 10.48, 10.51.1, 10.53.1. and 10.54.2.1)
= number of shear connectors (Article 10.38.5.1.2)
= number of additional connectors for each beam at point of contraflexure

(Article 10.38.5.1.3)

number of slip planes in a slip critical connection (Articles 10.32.3.2.1 and
10.57.3.1)

number of roadway design lanes (Article 10.39.2)
ratio of modulus of elasticity of steel to that of concrete (Article 10.38.1)
number of longitudinal stiffeners (Articles 10.39.4.3,10.39.4.4,and 10.51.5.4)

= allowable compressive axial load on members (Article 10.35.1)

axial compression on the member (Articles 10.48.1.1,10.48.2.1,and 10.54.2.1)

= force in the slab (Article 10.38.5.1.2)
= allowable slip resistance (Article 10.32 2.2.1)
= maximum axial compression capacity (Article 10.54.1.1)

allowable bearing (Article 10.32.4.2)

= prying tension per bolt (Articles 10.32.3.3.2 and 10.56.2)

= statical moment about the neutral axis (Article 10.38.5.1.1)

= ultimate strength of a shear connector (Article 10.50.1.1. 1)

= radius (Article 10.15.2.1)

= number of design lanes per box girder (Article 10.39.2.1)

= reduction factorfor hybrid girders (Articles 10.40.2.1.1,10.53.1.2,and 10.53.1.3)
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bending capacity reduction factor (Articles 10.48.4.1, and 10.53.1.3)

arange of stress involving both tension and compression during a stress cycle
(Table 10.3.1B)

vertical force at connections of vertical stiffeners to longitudinal stiffeners
(Article 10.39.4.4.8)

vertical web force (Article 10.39.4.4.7)

radius of gyration, inches (Articles 10.35.1, 10.37.1, 10.41.4.6, 10.48.6.3,
10.54.1.1, 10.54.2.1, and 10.55.1)

= radius of gyration in plane of bending (Article 10.36)
= radius of gyration with respect to the Y — Y axis (Article 10.48.1.1)
= radius of gyration in inches of the compression flange about the axis in the plane

of the web (Table 10.32.1A, Article 10.48.4.1)

= allowable rivet or bolt unit stress in shear (Article 10.32.3.3.4)

= section modulus, in.3 (Articles 10.48.2, 10.51.1, 10.53.1.2, and 10.53.1.3)

= pitch of any two successive holes in the chain (Article 10.16.14.2)

= range of horizontal shear (Article 10.38.5.1.1)

= section modulus of transverse stiffener, in3 (Articles 10.39.4.4 and 10.48.6.3)
= section modulus of longitudinal or transverse stiffener, in.? (Article 10.48.6.3)
= ultimate strength of the shear connector (Article 10.38.5.1.2)

= section modulus with respect to the compression flange, in.? (Table 10.32.1A,

Article 10.48.4.1)

= computed rivet or bolt unit stress in shear (Article 10.32.3.3.4)
= range in tensile stress (Table 10.3.1B)

direct tension per bolt due to external load (Articles 10.32.3 and 10.56.2)

= arch rib thrust at the quarter point from dead + live + impact loading

(Articles 10.37.1 and 10.55.1)

= thickness of the thinner outside plate or shape (Article 10.35.2)

= thickness of members in compression (Article 10.35.2)

= thickness of thinnest part connected, inches (Articles 10.32.3.3.2 and 10.56.2)
= computed rivet or bolt unit stress in tension, including any stress due to prying

action (Article 10.32.3.3.4)

= thickness of the wearing surface, inches (Article 10.41.2)
= flange thickness, inches (Articles 10.34.2.1, 10.39.4.2, 10.48.1.1, 10.48.2.1,

10.50, and 10.51.5.1)
thickness of a flange angle (Article 10.34.2.2)

= thickness of the web of a channel, in. (Article 10.38.5.1.2)
= thickness of stiffener (Article 10.48.5.3)
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BRIDGE DESIGN PRACTICE * DECEMBER 1995

thickness of flange delivering concentrated force (Article 10.56.3.2)
thickness of flange of member to be stiffened (Article 10.56.3.2)

= thickness of the flange (Articles 10.37.3, 10.55.3 and 10.39.4.3)

thickness of stiffener (Article 10.37.2 and 10.55.2)

= slab thickness (Articles 10.38.5.1.2, 10.50.1.1.1, 10.50.1.1.2)
= web thickness, inches (Articles 10.15.2.1, 10.34.3, 10.34.4, 10.34.5, 10.37.2.

10.48, 10.49.2, 10.49.3, 10.55.2, and 10.56.3)

= thickness of top flange (Article 10.50.1.1.1)
= thickness of outstanding stiffener element (Articles 10.39.4.5.1 and 10.51.5.5)

shearing force (Articles 10.35.1, 10.48.5.3, 10.48.8, and 10.51.3)

= shear yielding strength of the web (Articles 10.48.8 and 10.53.1.4)

range of shear due to live loads and impact, kips (Article 10.38.5.1.1)
maximum shear force (Articles 10.34.4, 10.48.5.3, 10.48 .8, and 10.53.1.4)
vertical shear (Article 10.39.3.1)

design shear for a web (Articles 10.39.3.1 and 10.51.3)

length of a channel shear connector, inches (Article 10.38.5.1.2)

roadway width between curbs in feet or barriers if curbs are not used (Article
10.39.2.1)

fraction of a wheel load (Article 10.39.2)

= length of achannel shear connectorininches measured in a transverse direction

on the flange of a girder (Article 10.38.5.1.1)
unit weight of concrete, Ib. per cu. ft. (Article 10.38.5.1.2)

width of flange between longitudinal stiffeners (Articles 10.39.4.3, 10.39.4.4,
and 10.51.5.4)

ratio of web plate yield strength to stiffener plate yield strength (Articles
10.34.4 and 10.48.5.3)

distance from the neutral axis to the extreme outer fiber, inches (Article 10.15.3)

= location of steel sections from neutral axis (Article 10.50.1.1.1)
= plastic section modulus (Articles 10.48.1, 10.53.1.1. and 10.54.2.1)
= allowable range of horizontal shear, in pounds on an individual connector

(Article 10.38.5.1)
constant based on the number of stress cycles (Article 10.38.5.1.1)

minimum specified yield strength of the web divided by the minimum specified
yield strength of the tension flange (Articles 10.40.2 and 10.40.4)

area of the web divided by the area of the tension flange (Articles 10.40.2 and
10.53.1.2)

F,,/Fy (Article 10.53.1.2)
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6 = angle of inclination of the web plate to the vertical (Articles 10.39.3.1 and 10.51.3)

= ratio of total cross sectional area to the cross sectional area of both flanges
(Article 10.15.2)

v = distance from the outer edge of the tension flange to the neutral axis divided by
the depth of the steel section (Articles 10.40.2 and 10.53.1.2)

A = amount of camber, inches (Article 10.15.3)

App = dead load camber in inches at any point (Artcle 10.15.3)

An = maximum value of Ap;, inches (Article 10.15.3)

¢ = reduction factor (Articles 10.38.5.1.2, 10.56.1.1, and 10.56.1.3)

0 = longitudinal stiffener coefficient (Articles 10.39.4.3 and 10.51.5.4)

u = slip coefficient in a slip-critical joint (Article 10.57.3)
Abbreviations

BDS = Bridge Design Specifications manual
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4.0 Introduction

This section illustrates Load Factor Design (LFD) for a continuous, welded, structural steel
girder highway bridge, composite for positive live load moments according to Section 10 of
the Bridge Design Specifications (BDS).

In addition to being classified as symmetrical or unsymmetrical as shown in Figure 4-1.
steel girders can be further categorized as follows:

« Compact + Composite

* Non-compact + Non-composite
* Braced + Hybnd

*  Unbraced

» Transversely stiffened
* Longitudinally stiffened

b by
iy y =
e —1 t t —

K I

|
r.:_:—"f tan—;-.t
b |1 Yo
g —————{—
Symmetrical Unsymmetrical

Figure 4-1 Types of Steel Girders

The steel girders designed by Caltrans are usually welded plate girders. Typically these are
non-compact and transversely stiffened; they can be either braced or unbraced. The use of
longitudinal stiffeners should be avoided if possible as they lead to complicated details and,
when extended into tension zones, become a fatigue consideration. Non-composite girders
are generally symmetrical.

A plate girder is a beam built up from plate elements to achieve a more efficient arrange-
ment of material. Plate girders are economical in the span range between 100 to 300 feet.
Since the 1950’s steel girders designed by Caltrans have been welded plate girders. They are
shop welded using two flange plates and one web plate to make an I-shaped cross section as
shown in Figure 4-2.

DesiGN oF WELDED STEEL PLATE GIRDERS 4-9
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m———— Flange Plate ——»f
"
¥
‘ Bearing Stiffeners —
f 4
¥ \ |
/=— Web Plate N L
A -
14
f Transverse Stiffener
¥
f Sole Plate —
- T

Figure 4-2 Details of Welded Steel Plate Girder

4.1 General Design Considerations

4-10

Members designed by the load factor design (LFD) method are proportioned for a number
of design loads. They are required to meet three main theoretical load levels:

1. Maximum Design Load

2. Overload

3. Service Load

The maximum design load and overload requirements are based on multiples of the service
loads with certain other coefficients necessary to insure the required capabilities of the
structure. The maximum design load criteria insures the structures capability of withstand-
ing a few passages of exceptionally heavy vehicles.

The overload criteria insures control of permanent deformation in a member caused by
occasional overweight vehicles as specified in BDS, Article 10.57.

Service loads are utilized for the serviceability criteria to limit the live load deflection and
provide an adequate fatigue life of a member.

DESIGN OF WELDED STEEL PLATE GIRDERS
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4.2 Design Loads

The moments and shears are determined by subjecting the girder to the design loads. Elastic
analysis is used to calculate the various straining actions.

The design loads are given by
For HS20: 13 [ D+ ¥3(L+1))]

For permit loading: 1. widely spaced 1.3[D+(L+1DNusx+ 1.15(L+1)p13]
2. closely spaced 1.3[D+ (L+1)p3]

Where D = dead load, L = live load (HS20, P13), I = impact. The factor 1.3 1s included to
compensate for uncertainties in strength, theory, loading, analysis and matenal properties.
Also, the factors %3 and 1.15 are incorporated to allow for vanability in overloads.

4.3 Design for Maximum Loads

Welded plate girders of normal proportions are not likely to satisfy the requirements for a
compact section, which is capable of developing full plastic stress distribution. Usually
welded plate girders are non-compact braced or unbraced sections. The non-compact braced
section is a section that can develop yield strength in the compression flange before the onset
of local buckling, but it cannot resist inelastic deformation required for full plastic stress
distribution.

4.3.1 Braced Sections

For non-compact braced section;

M, = BB emmmersssmsraressessessonssssassamssssremsrssimsmsmsi spassonmostanessomes remiiissSa RHF AR (10-97)

Where F,, = yield stress and S = elastic section modulus.

The section modulus consequently must be proportioned so that

F,S2 1.3[D + (L + Iysao)
2 1.3[D + (L + Iysao+1.15(L + I')py3] for widely spaced

2 1.3[D + (L + I'py3] for closely spaced

DesiGn oF WELDED STEEL PLATE GIRDERS 4-11
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For the relationship to be permitted, the following criteria must be satisfied:

1.

Width-thickness ratio of the compression flange:

L < 2'290 ......................................................................................................... (10-98)
I
where b’ = width of projecting flange element = %
t = flange thickness <
Depth — thickness ratio of the web:
Do 15,300 eeeeesnenn. (10-99)

Where D, is the depth of the web in compression and ¢, is the web thickness. However,
for a symmetrical section this ratio can be exceeded by providing transverse stiffeners
and meeting

veveseesenennene (10-103) and (10.50(d))

or for an unsymmetrical section

o Vb
Spacing of lateral bracing of the compression flange :
Ly s 00000, s (10-100)

Fd

where A, = cross sectional area of compression flange
d = total depth of girder

4-12 DESIGN OF WeLpep STEEL PLATE GIRDERS
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4.3.2 Unbraced Sections

When a girder does not meet the lateral bracing requirement, the section is considered an
unbraced section and its ultimate moment capacity is given by:

M MRy ocicissinsmsissssassisasmmsssmssampmsmisasmasnmsaussewomsiasssscsmons {10°1028)

Where M, is the maximum bending strength, M, is the lateral torsional buckling moment, and
R, 1s a bending capacity reduction factor.

When the compression region of a bending member does not have adequate lateral support,
the member may deflect laterally in a torsional mode before the compressive bending stress
reaches the yield stress. This mode of failure is known as “lateral torsional buckling” or
simply “lateral buckling”.

The tendency of the compression flange to twist is resisted by a combination of St. Venant and
warping torsion. In resisting lateral buckling by warping torsion, the compression flange acts as
a column susceptible to buckling in the lateral direction. In closed sections, such as box girders
or tubes, torsional stiffness is generally very large and lateral buckling is not aconcern. However,
for open sections, such as plate girders, lateral buckling must be considered. Because of the
complexity of the theoretical expressions for lateral buckling stress that take into account the
simultaneous resistance to lateral buckling afforded by St. Venant and warping torsion,
conservative simplified expressions have been developed for design use that consider the effects
separately. Plate girders, usually deep girders, are controlled by warping torsion since the effect
of St Venant torsion is small. The ultimate moment capacity for unbraced section, as used in
AASHTO Specifications prior to the fifteen edition, is:

M,=FS I_..&._[&.J
’ 4m2E\ b’

This equation treats the compression flange as a column, provided that the compression
flange 1s not smaller in width than the tension flange. When using the equation, the moment
capacity may be increased 20% when the ratio of the end moments is less than 0.7, but cannot
exceed F,S. The specifications also limit the stress in the top flange of a composite girder to
0.6 F, under dead load. However, if the width of the compression flange is smaller than the
tension flange, then the above equation is unconservative and the moment capacity should
be calculated using

M= BB socsiinassivmniisassiminismmimsise i TR0 2028)
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4.3.3 Shear Capacity and Design

The shear capacity of girder webs with transverse stiffeners is given by:

0.87(1-C)
b e (TORL1B)

-G

This equation combines the “beam action” and the “tension field action.” The first term of
the equation represents web buckling under shear and the second term represents the
additonal post-buckling strength.

V.=V,|C+

V= plastic shear capacity = .58 Fu DL cuviiiiisiismisaiissisissnssins  10-114)

and

_ web buckling shear stress
web shear yield stress

Depending on the value of D/t,, the web can be one of three cases which is given in Article
10.48:

1. Yielding: 2 < S000vk 'k: C=10
PR3
2. Inelastic buckling: 600£.ﬁ£ SIBS ?Sj.%ﬁ 1 €= 6300& ssimemisrsias (10-115)
N
"
3. Elasicbuckling L5730, o AIRDE s (10F16)
i -
—\|.B
Iy
where k is the buckling coefficient given by: k=5+ —55
(d,/D)
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Generally. the effect of bending on the shear strength of a girder can be ignored. However,
if the bending M exceeds 0.75 M, and the shear capacity is calculated from Equation 10-113,
then the shear at that section should be limited to: '

V=V, [2.2 - 1.6£} R R S e e GBS S R b R e e R OR LT

Spacing of transverse stiffeners along a girder should not exceed d, determined from V,
formula nor 3D. However, for transversely stiffened plate girders with D/t >150, the
stiffener spacing shall not exceed

2
D[ ;i} ] to ensure efficient handling, fabrication and erection of the girder.

At simply supported ends of girders, the first stiffener space shall be such that the applied
shear will not exceed the plastic or buckling shear force:

1 o1 /OSSO ¢ (15 § ¥

and the maximum spacing is limited to 1.5D.

Transverse stiffeners should be proportioned so that the width-thickness ratio shall be
b" 2,600

ST (10-104)

Also, the gross cross-sectional area of each one-sided stiffener or pair of two-sided stiffeners
shall be at least

A:[0.1530;_,(1—6)‘}1—18:5]1'20 SO ¢ (15 11 )|

u

where Y = ratio of web yield strength to stiffener yield strength; B = 1.0 for stiffener pairs;
B = 2.4 for single plates, and; C is the value used in computation of V,,.

In addition, the required moment of inertia of stiffeners with respect to midplane of web is

) £ & 1 R T e s (10-106)

2
where J =2.5[2-) = 20D iR | JOA107)

o
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4.4 Composite Girders

4-16

In the non-composite type of steel girder bridge, the entire dead load and live load of the
superstructure is supported by the steel girders alone, with the deck only transmitting loads
to the girders. However, in composite construction, the concrete deck is keyed to the steel
girders by mechanical means and may thus be considered a component part of the girder.

. ﬂbﬂ o
‘be” ~— Shear connectors
i | 4 |
+. . W"‘ E§ T o 0 B O o i |
/ ' . |
|'; |
~Concrete |
DECk ‘f -
Web—1 |
[ <. | r

Figure 4-3 Details of Composite Steel Girder

Figure 4-3 shows a section and elevation view of a typical composite girder. The concrete
deck is keyed to the steel girder by shear connectors, therefore, the deck serves as additional
upper flange area for the steel girder.

Inaccordance with BDS, Article 10.38.3.1, the assumed effective width of the concrete deck
shall not exceed the following:

(a) one-fourth of the span length of the girder.

(b) the distance center to center of girders.

(c) twelve times the least thickness of slab

Since the modulus of elasticity of the concrete deck is different from that of the steel girders,
the effectiveness of the concrete as flange material is a function of the modular ratio
n = E(/E,. The equivalent net composite section is usually obtained by converting the
effective concrete area to an equivalent area of steel. Thus in Figure 4-3 the equivalent width
of concrete, b,, equals the effective width, b, divided by n. When the concrete deck has been
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converted to an equivalent area of steel, the section may be considered to be a steel girder
composed of (1) the original steel girder and (2) an additional rectangular flange of width
b.. The composite bridge steel girder is usually designed as acomposite for live load and non-
composite for dead load. Since intermediate temporary supports are not normally used
during deck placement, the steel girder alone has to carry its own weight in addition to the
weight of the deck. Once the concrete hardens the girder and deck will act as a composite
section. Usually three types of loading act on the girder:

1. Dead load (weight of girder and slab)
2. Additonal dead load (rail, AC overlay)
3. Live load

For design purposes the girder is considered a non-composite section for dead load and a full
composite section for live load. However, for additional dead load (AC overlay + rail) the
girder will act as a partially composite section. This is because the additional dead load will
cause sustained stress on the concrete section. Due to this sustained stress, the concrete will
undergo plastic flow, and its effectiveness in resisting stress will be reduced. The main
reason of this plastic flow is the creep of concrete. One conservative way to account for the
creep of concrete under sustained loading is to reduce the elastic modulus E, to /3 E. which
means increasing n to 3n as in the BDS Article 10.38.1.4.

Instantaneous Sustained
? /- Loading Loading
f’c: :'r (
@
o
(73] Ei
Creep or plastic flow

Strain

Figure 4-4 Effect of Creep on Concrete
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4.5 Fatigue Design

4-18

The fatigue provisions of the bridge design specifications were developed from research and
studies of failures in the field with respect to in-plane bending: out-of-plane bending 1s not
addressed. Details for main load carrying members, such as butt weld at tension flanges and
stiffener welds. are familiar to designers. However, the effects of connections to the main
members are not as familiar and have been a source of an increasing number of fatigue problems.

Fatigue may be defined as the initiation and/or propagation of cracks due to repeated
variation of normal stresses which include a tensile component. Therefore, fatigue is the
process of cumulative damage that is caused by repeated fluctuating loads.

Fatigue damage for a component that is subjected to normally elastic stress fluctuations
occurs at regions of stress raisers. After a certain number of load fluctuations, the
accumulated damage causes the initiation and subsequent propagation of a crack or cracks
in the plastically damaged regions. This process can and in many cases does cause fracture
of components. The more severe the stress concentration, the shorter the time to initiate a
fatigue crack for the same stress cycle.

4.5.1 Factors Affecting Fatigue Performance

Many parameters affect the fatigue performance of structural components. They include
parameters related to stress, geometry and properties of the component, and external
environment.

The stress parameters include stress range, constant or variable loading and frequency. The
geometry and properties of the component include stress raisers, size, stress gradient and
mechanical properties of the base metal and weldment. The external environment param-
eters include temperature and aggressiveness of the environment. The major factors that
govern fatigue are:

* applied stress range
+ number of load cycles applied
= type of detail

Structures are typically designed with a finite fatigue life of fifty years, however, an infinite
fatigue life could be designed for with proper consideration to the items listed above. It is
important to note that once fatigue cracks develop, it does not imply that the useful life of
the structure has ended. Usually with minor repairs the structure can still function in the same
capacity for many years.
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4.5.2 Applied Stress Range

The applied stress range may be defined as the algebraic difference between extreme stresses
resulting from the passage of load across the structure. If, as in a compression member, the
stress range remains within compressive values there is no fatigue considerations.

1 cycle

fax

i

|

 Stress

/ Time ‘ Range
|

L= S

Figure 4-5 Constant Amplitude Cycles

Applied Stress

The above figure represents the simplest stress history which is the constant-amplitude
cyclic-stress fluctuation. The stress range is the algebraic difference between the maximum

SLress, frmax, and the minimum Stress, fmin, in the cycle.

fcr =fm.a,t + fminl

The other type of stress history is the variable-amplitude random-sequence stress history as
shown in the Figure 4-6. This is a very complex history and cannot be represented by an
analytical function. The truck loading on bridges is a particular example of this stress history.

Applied Stress

Time
Figure 4-6 Variable Amplitude Cycles
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4.5.3 Allowable Stress Range

The following items control the allowable stress range.
1. type of loading

2. stress category (connection detail)
3. redundancy

4.5.4 Type of Loading

The number of cycles has a significant affect on the fatigue design. Generally, by increasing
the number of cycles, the allowable stress range would decrease.

The number of cycles used for fatigue design depends on the type of road and live load. For
example, “Case I"", which is the most used case for freeways (an average daily truck traffic which
exceeds 2,500), has the following live load cycles to consider for longitudinal members:

1. HS20 (MUU-TUCK) veeeeeeerriicreeerereccssersnsssnsssssssnsssnssesssssssasssseasesssessesnss 2,000,000 cycles
2. HS20 (MUIE-TANEY. . ...ciciecisivsmmsnmsimmmsmisssnsisimssimmisssmrmsminsssvmeans 00000 Cycles
3. Single HS20 (Bek) -...cocvosisisiisssisossississsosisisssssmsissssnsisssisisns OVET 2,000,000 cycles
4. P Loading (P13 with HS20) ....ueoieeeeeeeeeeeeeee e 100,000 cycles

4.5.5 Stress Category

The main stress categories A, B, C, D, E and F are described in Table 10.3.1B and illustrated
in Figure 10.3.1C of the Bridge Design Specifications. These categories correspond to plates
and rolled beams; welds and welded beams and plate girders; stiffener and short (less than
2") attachments; intermediate (over 2" but less than 4") attachments; long (over 4")
attachments and cover plates; and fillet welds in shear, respectively.

The most severe connection details are in category E and E’. These should be avoided as
much as possible because they are regarded as poor details.

4.5.6 Redundancy

Bridge structures are considered non-redundant when the failure of a member or of a single
element could cause collapse of the structure (such as atension chord in a truss bridge). The
design specification places increased restrictions on non-redundant structures by imposing
lower allowable stress ranges in almost all categories. This reduction to a lower stress range
makes details that fall into Category E very uneconomical and, in essence, restricts their use.
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In summary, the fatigue allowable stress ranges and number of cycles represent a confidence
limit for 95-percent survival of all details in a given category. Also. the stress ranges are
governed by details that have the most severe geometrical discontinuities and/or imperfec-
tions. It is important to note that the fatigue crack/propagation is independent of the strength
of steel. Therefore, the allowable stress ranges are independent of steel strength.

4.6 Charpy V-Notch Impact Requirements

Main load carrying member components subjected to tensile stress are required to provide
impact properties as shown in the table below.

These impact requirements vary depending on the type of steel used and the average
minimum service temperature to which the structure may be subjected.

The basis and philosophy used to develop these requirements are given in a paper entitled “The
Development of AASHTO Fracture-Toughness Requirements for Bridge Steels” by John M.
Barsom, February 1975, available from the American Iron and Steel Institute, Washington, D.C.

Charpy V-notch (CVN) impact values shall conform to the following minimum values:

Table 4-1 Fracture Toughness Requirements

Welded or Fracture-Critical Non-Fracture-Critical

Mechanically| Grade Thickness Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3
Fastened |(Y.P./Y.S)| (Inches) |Ft-Lbs@ °F |Ft-Lbs@ °F |Ft-Lbs @ °F | Ft-Lbs @ °F | Ft-Lbs @ °F | Ft-Lbs @ °F

t<1% 25@70 25@40 | 25@ 10 15@ 70 15@ 40 15@10
1la<r<d4 | 25@70 25@40 [ 25@-10 | 15@70 15@ 40 15@10

1< 1% 25@70 | 25@40 | 25@10 | 15@70 | 15@40 | 15@10
SO50W | 1e<r<2 | 25@70 | 25@40 | 25@-10 | 15@70 | 15@40 | 15@ 10
Welded 2<1<4 | 30@70 | 30@40 | 30@-10| 20@70 | 20@40 | 20@ 10

1<1% 30 @20 30@20 | 30@-10 | 20@50 | 20@20 | 20@-10
T0W  [1Y2<r<2¥]| 30@20 30@20 [ 30@-30 | 20@50 | 20@20 | 20@-10
2%h<1<4 | 35@20 35@20 [35@-30 | 25@50 | 25@20 | 25@-10

1<1% 25@70 | 25@40 | 25@ 10 15@70 15@40 15@ 10

36

36 1h<t<4 | 25@70 | 25@40 | 25@-10 | 15@70 15@ 40 15@10

Mechanically S0/50W 1<1% 25@70 | 25@40 | 25@ 10 15@70 15 @40 15@ 10
Fastened 1%2<1<4 | 25@70 25@40 | 25@-10 | 15@70 15 @40 15@10
20W <1 30@20 | 30@20 |30@-10 | 20@50 | 20@20 | 20@-10

1a<1<4 | 30@20 | 30@20 | 30@-30 | 20@50 | 20@20 | 20@-10
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The CVN-impact testing shall be “P” plate frequency testing in accordance with AASHTO
T-243 (ASTM A673). For Zone 3 requirements only, Charpy impact tests are required on
each plate at each end. The Charpy test pieces shall be coded with respect to heat/plate
number and that code shall be recorded on the mill-test report of the steel supplier with the
test result. If requested by the Engineer, the broken pieces from each test (three specimens,
six halves) shall be packaged and forwarded to the Quality Assurance organization of the
State. Use the average of three (3) tests. If the energy value for more than one of three test
specimens is below the minimum average requirements, or if the energy value for one of the
three specimens is less than two-thirds (24) of the specified minimum average requirements,
aretest shall be made and the energy value obtained from each of the three retest specimens
shall equal or exceed the specified minimum average requirements.

Zone 1: Minimum Service Temperature 0°F and above.
Zone 2: Minimum Service Temperature from —1°F to —30°F.

Zone 3: Minimum Service Temperature from -31°F to —-60°F

4.7 Fracture Control Plan (FCP)

4-22

The FCP is a plan devised to prevent collapse of steel bridges. Much of the FCP relates to
design, welding, and material properties. The designer has the responsibility for designating
any member or structural component as a Fracture Critical Member (FCM) when failure of
that member would cause the structure to collapse. The FCP requires the FCM be fabricated
in a qualified shop and inspected by qualified inspectors; requires Nondestructive Inspection
(NDI) by qualified testers; supplements the current AWS and AASHTO welding specifica-
tions; and specifies material toughness.

It is a comprehensive plan whose adoption should improve the overall quality of steel
structures from design through fabrication.

For more detailed information see AASHTO’s Guide Specification for Fracture Critical
Non-Redundant Steel Bridge Members.
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4.8 Design Example Problem

Toillustrate load factor design, portions of an interior girder of a three-span bridge as shown
in Figure 4-7 will be designed. The section in the positive-moment region consists of a
welded steel girder acting compositely with the concrete slab. In the negative moment
region, the section is designed as a non-composite section.

Roadway Section: Figure 4-8 Typical Section
Specification: 1992 Fifteenth Edition AASHTO with Interims and Revisions by Caltrans

Loading: 1. Dead Load
2. Live Load; HS20-44 and alternative and permit design load

Structural Steel: ~ A709 Grade 50 — assume for web and flanges
A709 Grade 36 — assume for stiffeners, etc.

Concrete: f.” = 3,250 psi, modular ration =9
BE 503‘—0- -—__EB
—~ "
1-6" 150'-0" i 200'-0 i 150-0" | 1-6

N
0 ELEVATION
R
T
H
—— - - - - - — -+ T+—
— 21+00 22+00 23+00 24+00 25+00 —
PLAN

Figure 4-7 Design Example
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Figure 4-8 Typical Section
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4.9 Loading

Since the spacing between girders exceeds 14 feet (BDS Table 3.23.1), this is a widely
spaced girder and should be checked for load combinations /y and /py-

Iy Group = 1.3[D +34(L + Ius20]
Ipw Group = 13[D +(L+ I)HS20 + 115(L + I)p13]

49.1 Dead Load

Tributory to Interior Girder

8!_0» - 81_0& ;
|
v _l‘. : |
y AR | ok T
_‘ / \\ :
3 N
S| AN
3
&
A

Figure 4-9 Interior Girder Cross Section

Concrete Slab: Assume transverse deck design has been completed and a 1074" thick deck
has been selected.

Area = (107%/12)(16) = 14.50 ft*
w = 14.50 (0.150) = 2.18 k/ft

Steel Girder:
w = 0.30 k/ft (including bracing and fillet welds) (estimated weight)
Type 25 Concrete Barriers:
w = 13(2)(2.61)(0.15) = 0.26 k/ft
AC Overlay:
w =0.035(16) = 0.56 k/ft
Dead Load of steel girder and slab = 2.18 + 0.30 = 2.5 k/ft
Dead Load of rail and AC overlay = 0.26 + 0.56 = 0.82 k/ft
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49.2 Live Load

For widely spaced girders, the load on each girder will be the reaction of the wheel loads

assuming the deck between the girders acts as a simple beam.

Number of traffic lanes:
width of deck between rails = 44 — 2(1.75) = 40.5 ft

From BDS 3.6, a traffic lane is 12 feet wide

number of traffic lanes = 11192—5- = 3.38 ... number of design traffic lanes = 3.

40.5' between face of rails

l--——-’.—--a —~ 13 -—
i I ‘ | 3 ‘ |
' ’ | | . !
i cg. W, c.g. W, c g.I w, ‘
| E
e, B 2| & @ 2|2 6 4 |
] | 1 ]
! | | | | | | |
! Y | Y Y Y ]
= =]
AA iB ic
| 16' between girders 2l 16' between girders |
| ; |
i__ 12' lane - 12' lane i 12' lane ___i
Figure 4-10 Location of 3 Traffic Lanes for Maximum Load at B (HS20)
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Live Load contributory reaction at Interior Girder B (3 lanes)

(13+3) 7 _ 40

16 16

.B-__

number of live load lanes = 1.44

However, according to BDS 3.12.1, for 3 lanes use 90% of maximum.
number of design live load lanes = 0.90(1.44) = 1.30 lanes HS20

40.5' between face of rails

A

9' . L 13' o

i | |

c.g.| w, c.g. W, i
4. . 6! 2| ! 2: 61 4J i |
| | o | | |
! | ! | | | |

| | I Y Y I Y I

[ |

Y

AA AB AC
[ |
|

16' between girders 16' between girders

|

12' lane 12' lane

A
!

Figure 4-11 Location of 2 Traffic Lanes for Maximum Load at B (HS20)

Live Load contributory reaction at Interior Girder B (2 lanes)

Ry=y 2.1 a8
16" 16

number of design live load lanes = 1.38 lanes HS20 > 1.30 for 3-lane trial

.. For Iy Group, live load distribution = 1.38 lanes

Iy = 13[D + %5(1.38)(L + Dpsao]
Iy=13D +3.0(L + Dusao (See footnote below)

In these expressions the term (L + I ) represents the effects of one lane of the designated live load,

including impact.
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40.5' between face of rails

A

Y

9 - 13' .

cg W, c.g. W, '
(HS20) (P13)
L4 6' 22 6' _ 4

| ‘ : l i | '

il Y ! Y 4 ' I
AA iB ic
| . 16' between girders | 16' between girders __|
— i[ | - -—

| |
| 12' lane - 12' lane -l
Figure 4-12 Location of 2 Traffic Lanes for Maximum Load at B (P13 with HS20)

4-28

Live Load contributory reaction at Interior Girder B

P13: Rg= —:% =0.81 lanes

HS20: Rg= % = 0.56 lanes

For Ipy Group
Ipw =13 [D + 0.56(L + I )gsao + 1.15(0.81)(L + I)py3]

Ipw = 13D + 0.73(L + Disao + 1.22(L + 1)py3 (See foomote beiow)

In these expressions the term (L + I') represents the effects of one lane of the designated live load,

including impact.
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4.10 Composite Section Design

This section illustrates the design of an interior girder of a composite section at
0.4 point of Span 1

4.10.1 Design Loads (See Section 4-16, Bridge Design System Computer Qutput)

Load on Steel Girder Only (Non-composite)

Dead Load girder and slab

Moment = 1.3(3,590) = 4,667 k-ft
Shear =1.3(-15.2)=-19.8k

Load on Partially Composite Section (n =3 x9 = 27)

Dead Load rail and AC overlay

Moment= 1.3(1,221) = 1,587 k-ft
Shear =1.3(-5.2)=-68k

Load on Composite Section (n = 9)

Live Load Group Iy

Maximum Moment = 3.0(2,424) = 7,272 k-ft
Associated Shear =3.0(17.7)=53.1k
Maximum + Shear =3.0(38.7)=116k
Associated Moment = 3.0(2,319) = 6,957 k-ft
Maximum — Shear =3.0(-36.7)=-110k
Associated Moment = 3.0(1,367) = 4,101 k-ft

Live Load Group Ipw

Maximum Moment = 0.73(2,424) + 1.22(6,648) = 9,880 k-ft
Associated Shear =0.73(17.7) + 1.22(48.4) =720k
Maximum + Shear =0.73(38.7) + 1.22(79.1) =125k
Associated Moment = 0.73(2,319) + 1.22(4,748) = 7,485 k-ft
Maximum — Shear = 0.73(-36.7) + 1.22(-60.4) =-100 k
Associated Moment = 0.73(1,367) + 1.22(3,865) = 5,713 k-ft
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4.10.2 Fatigue Loads (Case I Road)

HS20 (Single Truck) Over 2,000,000 Cycles

e +LLM =0.81(2,360) = 1,912 k-ft
* -LLM =0.81(-590) =—478 k-ft

HS20 (Multiple Lanes) 2,000,000 Cycles (Truck Load)

* +LLM =1.38(2,360) = 3,257 k-ft
* —LLM=1.38(-590) = - 814 k-ft

HS20 (Multiple Lanes) 500,000 Cycles (Lane Load)

¢ +LLM=1.38(2,424) = 3,345 k-ft
e —LILM=1.38(-805)=-1,111k-ft

P13 with HS20 100,000 Cycles

* +LLM =0.56(2,424) + 0.81(1.15)6,648 = 7,550 k-ft
* —LLM =0.56(-805) + 0.81(1.15)(-2,219) = -2,518 k-ft
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4.10.3 Girder Section

Top Flange

Typically, the maximum transported length of a steel plate girder is 120 feet. Due to
construction problems, some erectors limit the length of girder shipping pieces to 85 times
the flange width. Based on that, for 120 foot length. the width of the compression flange will
be about 18 inches, and this dimension can be used for the first trial size.

Try top flange 18" x 1"

where the thickness of the flange can be obtained from the following equation.

b’ 2,200 2,200

t ~ JF  +/50,000 A
%:%:94).84 Okay
Web
. D
Depth to Span Ratio: — =0.04 .....oomrmrirrereresnnceninscsssnsarsamssnennssens 10.5.1)

A

D =0.04(200") = 8 ft = 96 in.

For initial sizing of the web the following equation can be used.

25150 b E—g‘i=0.64 in.
L, 150

Try web 96" x %&"

Bottom Flange

Try bottom flange 18" x 1Y2"
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Composite Concrete Slab

From Article10.38.3, the effective flange width of the slab shall not exceed:

1. Vaspan length = % (150) =37.5 ft
2. Spacing between girders = 16 ft
3. Twelve times the slab thickness = 12(10%s) = 131 in. « control

. 131" N
Y _ 1
] P RN
g

Figure 4-13 Deck Effective Width

Effective concrete area = 131 (107/8) = 1,425 in.2

For a full composite section with f = 2,900 — 3,500 psi, n= % =9 ........(10.38.1.3)

c

For a partially composite section, 72 = 3(9) = 27 w.cceceenvceencerennencrrecsannnen.. (10.38.1.4)

Calculation of moment of inertia can be done using the composite girder worksheet or with
“COMP” on IBM mainframe. Both methods are illustrated on the following pages.
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STATE OF CALIFORNIA » DEPARTMENT OF TRANSPORTATION

COMPOSITE WELDED GIRDER WORKSHEET
DS-Do124 ( REV. 1/91)

Job: Cxzample Sheet of
X1 Intenor .
W .
D Evodor Composite Welded Girder By:
Span: S . Date:
Section for Slab and Girder Loads Size Area y Ay Ay?
IR [C) | ———  @TopFange = 18 x 10 - _18 _98 1,764 172,872
- | @web = 96 x % -__60 49.5 2,970 147,015
{owl @ Bot Flange= f§ x fV2 = 27 0.75 20.3 715.2
ol TA = _105 4,754 319,902
s | .c6 N ——1 ¥ loo Web =+___ 46,080
| i—'— _ S lg.w = 365,982
| Y2 | LA ® : S xEA=—_ 205266

¥ = 53.2

| |
-‘In: ¥a| |
i o e co - [rmomr ]

Section for Curb Loads, Railing, Utilities (n = 27)

T TSR
1 IA = _f05 ; 319,
s :1____; o 4,754 9,902
| ¥ 1 i @ Concrete = —- - _52.8 407.3 5,663 607,646
‘ - q i 27 157.8 10,417 927,548
8 |
Ya
5 -),_‘ | log Web =+___ 46,080
-~ C.G ,s! A, s 66.0 lp-w = 973,628
1| % TA e R xTA=-_ 687771
[ Vi = 32.5
| | les. = | 285857 int
@t I_ I I Ve,
Section for Live Loads (n=9) IA=_105 &, T54 379,902
Concrete Stress: @ c - L ";25 = 1563 1073 _16,989 1,822,938
DL = 0.000 \: 263.3 21,743 2,142,840
e lgo Web =+ *6‘080
Rail = 1.587(12)(112.75-66.0) _ 0.115 A L[ s ox = 2,186,920
285,857(27) SR : 2 xIA=-1,795314
| w=| 159
9,880(12)(112.75-82.6 - 5 lea. = | 993,606 in
LL = 0(12X ) = 1.009 :
393, 606(9) 1.124 ksi | Stab & Girder Loads = 4,667 nx
<3,250 psi Okay | Curbloads = 1,587 n
R e T e -+ Live Loads = 9,650 nhk
Stresses P Yo Boftiom 1, " i Toply
. 4, x 12 _ 4,667 x12 _
Slab & Girder 50T 453 = 16.8 75T 53.2 19.8
" 1,587 x12 ~ 1,587 x12 _
Curb 285857 66.0 = L4 7 ¥ e 325 = 2.2
. oo 9,880 x12 ) 9,850 x12 .
Live Load 393,606 §2.6 = 24.9 ~395,606 15.9 = 4.8
Bottom!, = [ 46.1 un.Z}-: 50 kai Topl, = | 26.8 Iu‘n_?l
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Section Properties Using “COMP” on IBM Mainframe
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Check Shear
V, Ly

Check _
V. Lp o

Load Factor Check
( . Calculate ; Check
Steel Girder Design X Section b oang 2 Fatigue
Symm — Unsymm t tw
Reduce Yes
Allowable Braced Coh:r?pnact
Stress ?
Yes
Calculate
vl..i‘l dO
Yes
V>0.6V,
?
No

Design
Transverse
Stiffener

Revise
rw,. do

No
Yes

Check:
1. Flange-Web

* Most economical

Revise:

1. Flange Size
2. Web, ty

3. dg, or

4. Fy

between d,, ty, and
stiffener sizes?

Welds -

2. Shear
Connectors

Job
Completed

Flow Chart for Load Factor Design
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‘€ brace pt.

-

36,500 x ty
Fy

IDrnam =

Pl
) —
~ \

compression flange

Transverse Stiffener BDS 10.48.5.3

b’ _2.600
A=[O.1SBDIW(1—C)¥—-18A%}Y

I =dot3J
D2
J =2.5(a—) -2205

o

V. Fy(web)
" | Fy(stiffener)

B =1.0(stiffener pairs)

{
“~— Transverse Stiffener
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€ brace pt.

Web (transversely stiffened) BDS 10.48.8

0.87(1—0)
2
!‘l+ (-d—")
Vv (D
it M>0.75M,

Vu-=v‘o C+

V= Vu[2.2 -1 Gﬂ]
M

u

Bending
1. BDS 10.48.2

M,=FS
2. BDS 10.48.4

L, > 20,000,000A,

F,d
3F (L'\
=F.g1-2r [
¥ "Sl 4;:25(19'} J

Figure 4-14 Typical Transversely Stiffened Non-Compact Steel Section
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4.10.4 Width to Thickness Ratios

Requirements for braced non-compact sections : r-----im--I -
a) Outstanding leg of compression flange, non—compact |____r| —
b’ 2,200 ;
—< =9.84 ....icaiininianes(1048.2:1 Compression
t Jﬁ ) flange — | :
54" 5
B s | o |
p=18_g -
N &
.5 <9.84 Okay
r 1 |
b) web requirement for transversely stiffened girder (com- l
it t ithout longitudinal stiff
posite section without longitudinal stiffeners) —— :[!
| 18" 3
D 36300 163 (10.50(d)) = )
tw :"F‘, |
9% Figure 4-15
m =154<163 01(3}’ Girder Dimensions

4.10.5 Bracing Requirements

The section is a non-compact braced section. It is braced since the compression flange (top
flange) is embedded in the concrete which provides a continuous lateral support. However,
the stress that is induced on the compression flange from non-composite dead load should
be checked because the flange is unbraced for dead load.

20,000,0004,

Ly < 7 RSOOSR ¢ [0 5 10 0)!

L, =unbraced length
Ay = area of compression flange = 18 (1) = 18 in.?
d =depth of girder=96+ 1+ 1¥/2=98.5in.

< 20,000,000(18)

< =73.1in.=6.1ft
= toEssy =8
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Since the spacing between the cross-frames will be 20 feet, the section is unbraced for non-
composite dead load, and therefore, a reduction in allowable stresses is required due to buckling.

Allowable stress

For=0.6 Fy=30KSi.....orrimicermcrnerecncsoresasasosesssasmsnsosasorsssesasonsassssssssassessenses { 10.50(0))

or

Fo=h[1- 22 L]

‘ 4m2E\ b
L, =20(12) = 240 in.
b” =18/2=9

F, =50ksi
E =29x103ksi

a,:so{h 3(50) [240

2
] =45.3 ksi .. F., =30 ksi controls
4r2(29x103)\ 9

Applied DL stress in top flange
f T U < USRNSSR ANRURPPSRONTOIOD . . ; ) o | - S o
since F., = 30 ksi > fp; = 19.8 ksi, top flange bracing of 20 feet is okay.

4.10.6 Fatigue Requirements

The allowable fatigue stress ranges are dependent on (BDS Table 10.3.1A):

1. redundant or non-redundant load path structures
2. stress cycles
3. stress categories

The flow chart on page 4-39 illustrates a procedure for determining the allowable stress
range F, for any fatigue detail.

If failure occurred in the interior girder, the load would be redistributed to the exterior girders
and the bridge probably would not collapse. Therefore, the interior girder of this three girder
system is considered redundant.

The bridge is located on a major highway with average daily truck traffic greater than 2,500. From
BDS Table 10.3.2A this is a “Case I" road and the following stress cycles are to be considered:
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Type of
Connection

;

Find:
llustration and
Number
Figure 4-16 (10.3.1C)"
lllustrative Examples”

Y

Find:
Illustrated Example
Number.

Read Description and
Stress Category
Table 4-5 (10.3.1B)*

!

Find:
Stress Cycle
Table 4.2 (10.3.2A)*

\

Find:
Stress Range, Fg,
Non-redundant
Table 4.4 (10.3.1A)*

*( ) Bridge Design Specifications

No _~"Redundant ~\,Yes
2

Find:
Stress Range, Fgr,
Redundant
Table 4.4 (10.3.1A)"

Flow Chart to Find Allowable Stress Range, F,
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Table 4-2 Number of Cycles for Case 1

Loading Cycles
‘P13 with HS20 100,000
HS20 Lane Loading 500,000
HS20 Truck Loading 2,000,000
HS20 Single Truck Loading over 2,000,000

Due to the uncertainty involved in predicting future traffic levels, it is specified that “Case
I” be used forall designs. This also insures that permit vehicles are considered since P13 with
HS20 (at 100,000 cycles) has a strong influence on the fatigue behavior.

The most common types of connections found in plate girders are:

Transverse stiffeners
Butt weld of flange plates
Gusset plates for lateral bracing

b e

Flange-to-web weld

These connections and others are illustrated in Figure 4-16 (Tllustrative Examples) and described
in Table 4-5. Table 4-5 is used to select the category which matches the detail being considered.

The four connections listed above have been marked on Figure 4-16 and Table 4-5 and the
results summarized below:

Table 4-3 Common Types of Bridge Connections

Type of Connection Stress Category Illustration
1 Toe of transverse stiffeners T or Rev. C 6
2 Butt weld at flanges T or Rev. B 8, 10
3 Gusset for lateral bracing (bolt gusset to flange) T or Rev. B 21
4 Flange-to-web weld Shear F 9
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The applicable stress ranges are now read from BDS Table 10.3.1A and shown below:

Table 4-4 Allowable Fatigue Stress Range

Cycles

Type of Connection Category 100,000 500,000 2,000,000 |Over 2,000,000
(Permit) (HS20 Lane) | (HS20 Truck) (HS20

Single Truck)
1 Toe of wansverse stiffeners C 35.5ksi 21 ksi 13 ksi 12 ksi
2 Butt weld at flanges B 49 ksi 29 ksi 18 ksi 16 ksi
3 Gusset for lateral bracing B 49 ksi 29 ksi 18 ksi 16 ksi
4 Flange-to-web weld F 15 ksi 12 ksi 9 ksi 8 ksi
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00 b ey < 2
“Q“ @M:M\ !/",G::,,w 325‘/ 4% >§
‘ = oy

X

L /\/\>\ 2, \ b
DO NOT USE

N X )<
= S

Situation: See Table 4-5

S
o
3 tL

i
’0

8 Ereaiete "@*é-"——*—-:"{s_" . WELD CONDITION * Cal
‘% Casagory £ ’:‘%@72 :_:.qumm-n-anm E
# D KRKRKARARKY oyl
== ZRRRRRLKS o
— Selatetelols el g
e 00200 0 4 o
’ KL
RSBSOS am—cr
o T 220 |0 |
R e g kit

Figure 4-16 Illustrative Examples

4-42 DEesIGN oF WELDED STEeL PLATE GIRDERS




: BRIDGE DESIGN PRACTICE ® DECEMBER 1995
altrans

Table 4-5 (BDS Table 10.3.1B)

Stress Illustrative
Category  Example
Kind of  (See Table (See Figure

General Condition Situation Stress 10.3.1A) 10.3.1C)
Plain Member Base metal with rolled or cleaned surface. Flamecut T or Rev? A 1,2
edges with ANSI smoothness of 1,000 or less.
Built-Up Members  Base metal and weld metal in members of built-up T or Rev B 3,4,5.7

plates or shapes. (without attachments) connected by
continuous full penetration groove welds (with
backing bars removed) or by continuous fillet welds
parallel to the direction of applied stress.

Base metal and weld metal in members of built-up T or Rev B’ 3.4.5.7
plates or shapes (without attachments) connected by

continuous full penetration groove welds with backing

bars not removed, or by continuous partial penetration

groove welds parallel to the direction of applied stress.

Calculated flexural stress at the toe of transverse . T or Rev C 6 ®
stiffener welds on girder webs or flanges.

Base metal at ends of partial length welded coverplates
narrower than the flange having square or tapered ends,
with or without welds across the ends, or wider than
flange with welds across the ends.

(a) Flange thickness < 0.8 in. T or Rev E 7

(b) Flange thickness > 0.8 in. T or Rev E’ 7

Base metal at the ends of partial length welded T or Rev E’ 7

coverplates wider than the flange without welds across

the ends.
Groove Welded Base metal and weld metal in or adjacent to full T or Rev B 8.10 ®
Connections penetration groove weld splices of rolled or welded

sections having similar profiles when welds are ground

flush with grinding in the direction of applied stress

and weld soundness established by nondestructive

inspection.

Base metal and weld metal in or adjacent to full T or Rev B 13
penetration groove weld splices with 2 foot radius

transitions in width, when welds are ground flush with

grinding in the direction of applied stress and weld

soundness established by nondestructive inspection.
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Table 4-5 (continued)

. Stress Ilustrative
Category  Example
Kindof  (See Table (See Figure
General Condition Situation Stress 10.3.1A) 10.3.10)

Base metal and weld metal in or adjacent to full
penetration groove weld splices at transitions in width
or thickness, with welds ground to provide slopes no
steeper than 1 to 22, with grinding in the direction of
the applied stress, and weld soundness established by
nondestructive inspection:

(a) AASHTO M270 Grades 100/100W(ASTM A709) T or Rev B” 11.12
base metal

(b) Other base metals T or Rev B 11.12

Base metal and weld metal in or adjacent to full T or Rev C 8.10.11.12

penetration groove weld splices, with or without
transitions having slopes no greater than 1 to 2V, when
the reinforcement is not removed and weld soundness
is established by nondestructive inspection.

Groove Welded Base metal adjacent to details attached by full or partial T or Rev C 6.15
Attachments — penetration groove welds when the detail length, L, in
Longitudinally the direction of stress, is less than 2 inches.
Loaded®
Base metal adjacent to details attached by full or partial T or Rev D 15

penetration groove welds when the detail length, L, in
the direction of stress, is between 2 inches and 12 times
the plate thickness but less than 4 inches.

Base metal adjacent to details attached by full or partial
penetration groove welds when the detail length, L. in
the direction of stress, is greater than 12 times the plate
thickness or greater than 4 inches:

(a) Detail thickness <1.0 inches. T or Rev E 15
(b) Detail thickness = 1.0 inches. T or Rev 15

Base metal adjacent to details attached by full or partial
penetration groove welds with a transition radius, R.
regardless of the detail length:

— With the end welds ground smooth T or Rev 16

(a) Transition radius > 24 inches. B
(b) 24 inches > Transition radius = 6 inches. C

m
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Table 4-5 (continued)

Stress Illustrative
Category  Example
Kind of  (See Table (See Figure

General Condition Situation Stress 10.3.1A) 10.3.1C)
(¢c) 6 inches > Transition radius = 2 inches. D
(d) 2 inches > Transition radius = 0 inches. E
— For all transition radii without end welds ground T or Rev E 16
smooth.

Groove Welded Detail base metal attached by full penetration groove

Attachments welds with a transition radius. R. regardless of the

Transversely detail length and with weld soundness ransverse to

Loadedb< the direction of stress established by nondestructive
inspection:

— With equal plate thickness and reinforcement T or Rev 16
removed.

(a) Transition radius = 24 inches.

(b) 24 inches > Transition radius 2 6 inches.
(c) 6 inches > Transition radius = 2 inches.
(d) 2 inches > Transition radius = 0 inches.
— With equal plate thickness and reinforcement not T or Rev 16
removed.

monw

@]

(a) Transition radius = 6 inches.

(b) 6 inches > Transition radius = 2 inches.
(c) 2 inches > Transition radius = 0 inches. E

— With unequal plate thickness and reinforcement T or Rev 16
removed.

(a) Transition radius = 2 inches. D
(b) 2 inches > Transition radius = 0 inches. E

— For all transition radii with unequal plate thickness T or Rev E 16
and reinforcement not removed.

Fillet Welded Base metal at details connected with transversely loaded
Connections welds, with the welds perpendicular to the direction
of stress:

(a) Detail thickness < 0.5 inches. T or Rev [ & 14
(b) Detail thickness > 0.5 inches. TorRev SeeNoted

Base metal at intermittent fillet welds. T or Rev E —

Shear stress on throat of fillet welds. Shear F 9

A R o R e e Y e R e e R N B R R T 3 e o e 0 g
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Table 4-5 (continued)

Stress Ilustrative
Category  Example
Kind of  (See Table (See Figure
General Condition Situation Stress 10.3.1A) 10.3.10)
Fillet Welded Base metal adjacent to details attached by fillet welds T or Rev C 15.17.18.20
Attachments— length, L. in the direction of stress, is less than 2 inches
Longitudinally and stud-type shear connectors.
Loaded b<*
Base metal adjacent to details attached by fillet welds T or Rev D 15.17
with length, L. in the direction of stress, between
2 inches and 12 times the plate thickness but less
than 4 inches.
Base metal adjacent to details attached by fillet welds
with length. L. in the direction of stress greater than
12 times the plate thickness or greater than 4 inches:
(a) Detail thickness < 1.0 inch. T or Rev E 7.9.15.17
(b) Detail thickness = 1.0 inch. T or Rev E’ 7.9.15
Base metal adjacent to details attached by fillet welds
with a transition radius. R. regardless of the detail length:
— With the end welds ground smooth T or Rev 16
(a) Transition radius = 2 inches. D
(b) 2 inches > Transition radius 2 0 inch. E
— For all transition radii without the end welds T or Rev E 16
ground smooth.
Fillet Welded Detail base metal attached by fillet welds with a
Attachments — transition radius. R. regardless of the detail length
Transversely Loaded (shear stress on the throat of fillet welds governed
with the weld in by Category F):
the direction of gty the end welds ground smooth T or Rev 16
principal stress b<
(a) Transition radius = 2 inches. D
(b) 2 inches > Transition radius 2 0 inch. E
— For all transition radii without the end welds T or Rev E 16

ground smooth.

4-46 DEesiGN oF WELDED STEEL PLATE GIRDERS




[ o

altrans

General Condition

BrIDGE DESIGN PRACTICE * DECEMBER 1995

Table 4-5 (continued)

Stress Illustrative
Category  Example

Mechanically
Fastened
Connections

Kind of  (See Table (See Figure

Situation Stress 10.3.1A) 10.3.10)
Base metal at gross section of high strength bolted slip T or Rev B 21
resistant connections, except axially loaded joints which
induce out-of-plane bending in connecting materlals
‘Base metal at net section of hwh strenalh boled @ TorRev B 21
bearing-type connections.
Base metal at net section of riveted connections. T or Rev D 2]

2“T” signifies range in tensile stress only. “Rev” signifies arange of stress involving both tension
and compression during a stress cycle.
b*“Longitudinally Loaded” signifies direction of applied stress is parallel to the longitudinal axis
of the weld. “Transversely Loaded” swmﬁes direction of applied stress is perpendicular to the
longitudinal axis of the weld.
¢ Transversely loaded partial penetration groove welds are prohibited.
< Allowable fatigue stress range on throat of fillet welds transversely loaded is a function of the
effective throat and plate thickness. (See Frank and Fisher, Journal of the Structural Division, ASCE.
Vol. 105. No. ST9. Sept. 1979.)

0.06+0.79 2

!
S, = §¢| —————~&
1.1:,*

o

where S¢ is equal to the allowable stress range for Category C given in Table 10.3.1A. This assumes
no penetration at the weld root.
< Gusset plates attached to girder flange surfaces with only transverse fillet welds are prohibited.
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4.10.6.1 Applied and Allowable Stress Ranges

1.

[

HS20 (Multiple Lanes) 2,000.000 cycles (Truck)

+LILM =3,257 k-ft

-LLM =-814 k-ft

Stress range = 3;zw(&?.ﬁ) Sl2) ——(45.3)
393,606 150,717

=8.20+294=11.1ksi< 13ksi< 18 ksi Okay for Category B and C
HS20 (Multiple Lanes) 500,000 (Lane Load)

+LIM = 3,345 k-ft
-LILM =-1,111 k-ft
3 3,345(12) 1,111(12)
Stress range 82.6)+ ————(45.3
ge 393,606 393,606 ) 150,717 ( )

=842 +4.01 =12.4ksi <21 ksi <29ksi Okay for Category B and C
P13 with HS20 100,000 cycles

+LLM =7.550 k-ft
-LILM =-2,518 k-ft
7,550(12) 2,518(12)
= ———(82.6)+————(45.3
SHmE TS 393,606 e 150,717 e

=19.01 + 9.08 = 28.1 ksi < 35.5ksi <49ksi Okay for Category B and C
Single HS20 over 2,000,000 cycles (Truck)

+LLM = 1,912 k-ft
-LLM =—478 k-ft
1,912(12) 478(12)
= 82.6) + 53
PRSTNgF 393,606 303,606 07 150, 71?( )

=481 +1.72=6.5ksi < 12ksi< 16 ksi Okay for Category B and C

Calculations for flange-to-web weld (Category F) are not shown, see page 4-63 for procedure.
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4.10.7 Shear Design

The shear capacity, V,, of the section is dependent on the yield strength and thickness of the
web and the spacing of the transverse stiffener as

V,=V,|C+ QEl- C} I 6 (15 § &)
1+(% ]
\ \D
where:
V, = plastic shear capacity
=0.58(50) 96 (3/g) = 1,740 k
C = ratio of buckling shear stress to shear yield stress

The stiffeners are usually spaced equally between cross frames up to a maximum of 3D as
specified in BDS Article 10.48.8.3.

Maximum d,= 3(96) = 288 inches
Try d, = 20 feet = 240 inches = spacing between cross-frames

5 5

k = buckling coefficient = 5+ =5+ > =5.8
(%)
96

6,000Vk  6,00045.8 7,500Nk  7,5004/5.8
- =64.6 and = =80.8
JE /50,000 JE /50,000
D_96 155515000k gy
t, A JF,
7 7
Lo A5X107k _ ASXIOUS8) _on e (10-116)

2 2
[2) F, (ﬁ] 50,000
g ] ¥
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0.87(1-0.22)
[240)2
1+| —
9
Applied Shear = V= -19.8 - 6.8 = 110 =— 137 k
Vs =137k <V, =821k Okay

V. =1,740{0.22 + =821k

Check requirements for handling

s = 9 =15316 2150 nnunsnmmmnnnimmmninminnsmamsainsninns(10:48:8:3)
e A

260 \’ 260
Sds 2D = 96(——-} =275 inches

D/t, 153.6

d,= 240 inches < 275 inches Okay

Spacing of transverse stiffeners and cross-frames is 20 feet.

As might be expected due to low shear demands at the 0.4 point, only minimal stiffeners are
required. However, as the design check moves closer to the supports, where the shear is
higher, the spacing of the stiffeners may become much closer.

4.10.7.1 Moment and Shear Interaction

Moment — ShEar INLETACHION ...c.vveeeereeeesrrrereesssesesseessssssseessseesssssesssressssenerrssemessesen (10.48.8.2)

If M > 0.75 M, then a reduction in the allowable shear, V, must be made.

LetM=M,
Y22 16M 229 1606 .. (10-117)
v, M,

o V=0.6Vu=0.6(821) =493 k

Vmax =137k <493k Okay
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4.10.7.2 Transverse Stiffener Design

Moment of inertia required:

T OSSOSO [0 55 11 ")

where:
DY |
J= 2,5[——} =2 BT it sessnses IO L)
d,

2
— 2.5[2) -2=-1.60 wuselJ=0.5
240

3
Trega =240 (%} 0.5=29.3 in.*

Area required:

A= [0.1530:,,(1—6)%—13:3,]1/

]

where:
Y  =Ratio of web plate yield to stiffener yield
_ 50
T 36
B = 1.0 for stiffener pairs

A =[0-15(1-0)96(%)(1—0.22)%—18(%)2]1.39

=-8.15<0

=1.39

Since area required < 0, then the transverse stiffener must meet only the moment of inertia
requirement (10-106) and the width-to-thickness ratio:

e i L TORIOAY
t = JF,

DEesIGN oF WELDED STEEL PLATE GIRDERS 4-51




:t BRIDGE DESIGN PRACTICE * DECEMBER 1995

a/trans

The width of stiffener is preferred to be at least 6 inches to allow adequate space for cross-
frame connection.

b _ 2,600

—< =13.7 ~— @ Web
t /36,000
_I:i_.
6 L
Letb'=6 tmy =——=0.44 inch ]
13.7 /] b
o ]
Try 6" x 4" stiffeners [ /B | ﬂ'
A ]
w Y «
’ 5 6
b_=$=12<13.7 Okay e
2z ,'ﬁ |
3 _Nj" '
I= 1(6.31) ) 6.31" _|
S .
Figure 4-17
= 83.7in.4 > Iregg =29.3 in* - Okay Web and Stiffener Cross Section

Use 6" x 14" stiffeners

4.11 Non-Composite Section Design

This section illustrates the design of non-composite section at Pier 2.

4.11.1 Designloads (SeeSection4-16, Bridge DesignSystem Computer Qutput)

Dead Load Girder and Slab
Moment =1.3(-7,899) =-10,269 k-ft
Shear = 1.3 (250) =325k
Dead Load Rail and AC Overlay
Moment = 1.3(-2,686) =-3,492 k-ft
Shear =13 (85) =111k

4-52 DEsIGN oF WELDED STEEL PLATE GIRDERS




CE

a/trans

Live Loads

E

Live Load Group Iy
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Maximum moment = 3.0(-3,292) =-9,876 k-ft

Associated shear

Maximum shear

=3.0(94.9) =285k
=3.0(110) =330k

Associated moment =3.0(-2,634) =-7,902 k-ft
Live Load Group Iy,

Maximum moment = 0.73(=3,292) + 1.22(-5,548)

Associated shear
Maximum shear

-9,172 k-ft
=0.73(94.9) + 1.22(217) 334k
=0.73(110) + 1.22(279) =421k

Associated moment = 0.73(—2,634) + 1.22(4,569) =-7.497 k-ft

Fatigue Loads (Case I Road)

1.

HS20 (single truck)

over 2,000,000 cycles

+LLM =0.81(322) =261k-ft

-LLM =0.81(-1,476) =-1,196 k-ft

HS20 (Multiple Lanes) 2,000,000 cycles (truck)

+LLM =1.38(322) =444 k-ft

-LILM =1.38(-1,476) =-2,037 k-ft

HS20 (Multiple Lanes) 500,000 cycles (Lane)

+LLM =1.38(365) =504 k-ft

-LIM =1.38(-3,292) =-4,543 k-ft

P13 with HS20 100,000 cycles

+LLM =0.56(365) + 1.15 (0.81) 1,110 = 1,238 k-ft
~LIM =0.56(-3,292) + (1.15) 0.81 (-5,548) =-7,011 k-ft

4.11.2 Girder Section

The section over the pier is designed as a non-composite section. It is Caltrans policy to
minimize the use of shear connectors in negative moment areas to minimize welding on the
tension flange.

One method of minimizing the welding on the tension flange is to add additional studs near
the DL point of contraflexure and additional reinforcement is placed in the concrete deck
overthe pierto control cracking in the deck. Reference can be made to BDS Article 10.38.4.3
regarding minimum deck reinforcement in negative moment regions.
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Another method would be to use shear connectors at the maximum spacing of 24 inches

through the negative moment area.

A symmetrical steel section will be used.

b _.
. i_‘
[ ]_TI

As= bt

Figure 4-18 Equilibrium of Forces

By equilibrium 7 = C = F\Af
Design Moment 7d = F,Ad
Design Moment: Girder + Slab =- 10,269 k-ft

Rail + AC = -3,492 k-ft
Live Load = —9,876 k-ft
— 23,637 k-ft

Mappliod = 23,637 k-ft

Distance between c.g. of the flanges d = 96 + 2 =98 inches *+ (assuming 2-inch thick flanges)

To make the fabrication of the plate girder easier, the web depth should remain constant
throughout the length of girder. The depth of the web (D = 96") is the same as used in the

composite area.

T=—=———=2,804k
D 98
Fy, =50 ksi
2. .
As = i =57.9 in?
50

Let b= 18 inches, 1= % = 3.2 inches
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Try: 18" x 274" flanges and 96" X %" web

2
I= 2A,(£+3—] "
272
7 2
=2(18)2 % )[%+ %J + 1—12-(-2-)(96)3 = 252,961+ 46,080 = 299,041 in*

Y,= Y =92—6+ 2 ¥s = 50.9 inches

Mc _ 23,637(50.9)12
I 299,041

fi= =483 ksi

foy=483 ksi <50ksi Okay

4.11.3 Width to Thickness Ratios

a) Outstanding leg of compression flange — non—compact

LA U o |1V 1. ¥ )
1 f o
B __® _313<984 Okay

t 27

b) Web — transversely stiffened girder

D 360300 163 e (10-103)
v B
6 _154<163 Okay

b7
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4.11.4 Bracing Requirements

20,000,000
Ly - Fd f ( )
A; = Area of compression flange

=18(2%4) =51.8
d =96 +2(27) =101.8

. 20.000.000(51.8)

< —203.5 inches =17 feet
L ==55.0000101.3) REIR SR

Let spacing between cross-frames be 15 feet, and no moment reduction due to bracing will
be required.

4.11.5 Fatigue Requirements

1.

HS20 (Multiple Lanes) 2,000,000 cycles (Truck Load)
(444 +2,037)50.9
299,041

Stress range = (12) = 5.07 ksi < 13 ksi < 18 ksi

Okay for Category B and C
HS20 (Multiple Lanes) 500,000 cycles (Lane Load)
(504 + 4,543)50.9
299,041

Stress range = (12) = 10.3 ksi < 21 ksi < 29 ksi

Okay for Category B and C
P13 with HS20 100,000 cycles

(1,238 +7.011)50.9
299,041

Stress range = (12) = 16.8ksi < 35.5 ksi < 49 ksi

Okay for Category B and C

HS20 (Single Truck) over 2.000,000 cycles
(261+1,196)50.9
299,041

Stress range = (12) =3.0 ksi < 12 ksi < 16 ksi

Okay for Category B and C

Calculations for flange-to-web weld (Category F) are shown on page 4-63.
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4.11.6 Shear Design

Maximum Shear capacity, V,

0.87(1-C)

-2

\{1+

(3)

WREte V5, mO.SBF Dy ccisicssisinsiissismasanibusssivanisinsis it ivienss

=0.58 (50) 96 (>4) = 1,740 k

where d, = spacing between transverse stiffeners

maximum d, = 3D = 3(96) = 288 in., or for handling = 96(%%
try d, = 15 ft = 180 in. = spacing between cross-frames '
TR s=5+ > ~=6.42
Z )
D 96
6,000Vk  6,000/6.42 7.500Vk  7,5004/6.42
= =68 and = =85
JE /50,000 JF, /50,000
2:?:15@ 7.500Vk _ g5
t, A :(Fy
7 7
nC= (4'5)1,? . (4;)020 0642 028 e
Dl g [-—] 50,000
tw y 5/8
V, =1,740(0.24 + 0.871-0.24) | _ 959 %

[180)2
e 8L
96

Design V=325+ 111 + 421 =857 k

rereeennes (10-113)

cevemeeneeeenne (10-114)

2
) =2751n.

RRR——— ¢ [s 8.

Since Design V=857 k < V, = 959 k, spacing of transverse stiffeners, d, = 15 ft, is okay.
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4.11.6.1 Moment and Shear Interaction

1. Maximum Shear — Associated Moment
Vappliad =857k

Mippica =— 10,269 —3.492 — 7,497 = — 21,258 k-ft

299,041
50.9

M, =FS= Fy[lj=(50)

I (i) = 24,479 k-ft
c 12

0.75 M, =0.75 (24,479) = 18,360 k-ft

Since M = 21,258 k-ft > 0.75 M, = 18,360 k-ft, a reduction in the allowable shear, V, must

be made.
¥ s 2.2-—1.6..‘!_4_= 22-16 21'258J= 0.81
V, M, 24,479

V=V,(0.81) =959 (0.81) =777k
Since applied V = 857 k > allowable V=777k N.G. The section must be revised.
The section can be revised by one or more of the following:

Increase flange size.
Increase web thickness.
3. Reduce stiffener spacing, d,.
Try reducing stiffener spacing, d, = 90 in.

b S B o 106D

5 &)

7,500k _ 7,5004/10.69 _

=2 =110
JF 50,000
2:&:154>M:]]0
ty A ﬁ;

_ 4.5(107)k _ 4.5(107)(10.69)

2 2
DYr [ﬁ] 50,000
’ %

lw

=041
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" 0.8?(1—C3
l+[—‘£”~]
D

=1,740 0.41+9w =1,365 k
{+(3%)
A pad
96

allowable V=0.81V, =0.81 (1,365) = 1,105 k

V. =V,|C e— 1k 2 B EC )

applied V = 857 k < allowable V=1,105k Okay

If web size were increased, 1,,= % in., and the stiffener spacing remained the same d,, = 180 in.

0.87(1-C)
2
V(%)
D

V,=0.58 F,D 1, =0.58 (50) 96 (%) = 2,088 k

V,=V,|C+ IS 6 (135 § k)

k = 6.42 as before

TSOE g5 Do 26 i

JE t, Y

_45x107k _ 4.5x107(6.42)

" (DY, (%Y =05
— e, 50,%0
GENE

v, =2,088] 035+ 28702039 |_; 7g6 &

(180)2
14—
96
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I= ?.Af(g + %) T IO—Owcb

96 2%) 1(3). .
—2018)2 %) 28 L (3)96)* = 308,257 in.*
218 /s)(z = ]+p(4j(96) 308,257 in

FVI ]
Y a0yt g a4 b

50.9(12)

M, =

0.75 M, = 18,925 k-ft < M = 21,258 k-ft

AT L Ll
m - 35.234

V=0.85V, =0.85(1,286) = 1,093 k
applied V= 857 k < allowable V=1,093 k Okay

So either reduce spacing between transverse stiffeners, d,= 90 in., or increase the size of the
web, 7, = ¥4 in.

For this example use:

t, =% in.and d, = 180 in.

2. Maximum moment — associated shear
a) Iy Group

M =-10,269 — 3,492 - 9,876 = -23,637 k-ft
V=325+111+285=721k
M, = 25,234 k-ft

0.75M, = 18,925 k-ft < M = 23,637 k-ft

it 216 n s 518 2900 090
v, M, 25,234

V=0.70V, = 0.70(1,286) = 900 k

applied V=721 k < allowable V=900k Okay
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b) Ipw Group
M =-10,269 — 3,492 - 9,172 =-22,933 k-ft

V=325+111+334=770k
M, = 25,234 k-ft

0.75 M, = 18,925 k-ft < M = 22,933 k-ft

2
s Y ep2- 16 c20-14 28 g5
= M 25,234

u u

V=0.75V,=0.75(1,286) = 964 k

applied V=770 k < allowable V=964 k Okay

4.11.6.2 Transverse Stiffener Design

Moment of inertia required:

TN 01 L T S S - S (10-106)

Use:

3
Treqa = 180(%) (0.5)=38.0 in*
Area Required:

A= l:O.lSBth(l - C)(-:/i] — 181‘%]}’ s RS ssse G LIRS
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Where:

Y = Ratio of web plate yield to stiffener yield
50

=—=139
36

B = 1.0 for stiffener pairs
2
A= 0.15(1.0)96(2)(1 - 0.35)——!-3--Sl - IS[EJ 1.39
4 1,286 4
=-7.57<0

Since area required < 0, then the transverse stiffener must meet only the moment of inertia
requirement (10-106) and the width to thickness ratio:

b’ 2 2,600
zg_ﬂ=13j ~— & Web
r 436,000 rl
S
6 ¢
Letb’=6in. ftmy =——=0.44in. [ [re)
13.7 A ol
W N - '
Try 6" x 14" Stiffeners iA‘““ﬂ
| 075" _In_ 6"
’ - |- -
Fo® 5.3 Okay f
t j
_11(6.38)° .
1= —3——(2) | 6.38
=86.6 0.4 > I,eyq =38.0 in.
Figure 4-19
Use 6" x 14" Stiffeners Web and Stiffener Cross Section
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4.12 Flange-to-Web Weld

4.12.1 Weld Design
@ Pier 2 Vigpliea = 857 k = Design Shear

Applied shear flow at flange-to-web weld:

_Ye
I

5

where:
0 = static moment = 18(27/8)49.4 = 2,556 in.3
1 =308,257 in.*
B 857(2,556)
= 308,257
According to BDS Article 10.23.6, the minimum size of

fillet weld for 27/3" plate is !/2", but need not exceed the
thickness of the thinner part joined. Use 2" fillet welds.

Allowable shear on throat of weld

s =7.11 K/in.

F,=045F,

18"

y |
1_I’//’// LLA—

2]:,&«

34"

Ty rrrr-rJvr rrrT

- Flange-to-
Web weld |

—

49.4"

Figure 4-20
Girder Dimensions

F, = ultimate strength of base metal or weld metal, whichever is smaller

For A709 Grade 50 F, =65 ksi
For E70 weld metal F,=70ksi
Use F, =65 ksi

F, =0.45(65) = 29.3 ksi

allowable shear flow on throat of two !/2" welds

=2(%/2) 0.707(29.3) = 20.7 k/in.

applied shear = 7.11 k/in. < allowable = 20.7 k/in. Okay

Use 142" weld
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4.12.2 Fatigue Check

For flange-to-web weld in shear, the allowable ranges of shear, F;, are:

Table 4-6
Type of Load Cycles Category F,,
P13 with HS20 100,000 F 15 ksi
HS20 Lane Load 500,000 F 12 ksi
HS20 Truck Load 2,000,000 F 9 ksi
HS20 Single Truck over 2,000,000 F 8 ksi

Allowable shear flow for F;, for 15 ksi = 2(}/;) 0.707(15) = 10.6 k/in.

For- 12 K81 cvessissvossn 2(1/2) 0.707(12) = 8.48 k/in.
FODKST cooisrcnnsessnaes 2(1/y) 0.707(9) = 6.36 k/in.
For 8 ksi .oveveevacnne 2(}/3) 0.707(8) = 5.66 k/in.

Applied Shear Range (See Section 4-16, Bridge Design System Computer Output):

1. HS20 (Multiple Lanes) 2,000,000 cycles (Truck Load)
Shear range = V, = 1.38(87.6) = 121 k
_ V0 _121(2,556)
I 308,257

2. HS20 (Multiple Lanes) 500,000 cycles (Lane Load)
Shear range = V, = 1.38(119) = 164 k

=1.0 K/in. < 6.36 k/in. Okay

= V.0 _ 164(2,556)
I 308,257
3. P13 with HS20 100,000 cycles
Shear range = V,=0.56(119) + 1.15(0.81)304 = 350 k
o= V.0 _ 350(2,556)
1 308,257
4. HS20 (Single Truck) over 2,000,000 cycles
Shear range = V, = 0.81(87.6) =71 k

V2 _712,556)
I~ 308,257

=1.36 k/in. < 8.48k/in. Okay

=290 K/in. < 10.6k/in. Okay

=0.59 K/in. < 5.66 k/in. Okay
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4.13 Shear Connectors

4.13.1 Fatigue Design

The shear connectors are designed for fatigue and checked for ultimate strength. Maximum
spacing equals 24 inches.

s, ="'}_Q OSSO € [0 X 1)

where:
Sy = range of horizontal shear flow
v, =range of vertical shear due to (LL+/) (Service Load)
0 = static moment of the transformed concrete area
1 = moment of inertia of the composite section

Xz,

— ing = ——
s spacing S,
where:
Z, = allowable range for horizontal shear

for welded studs with H/4d 2 4, Z, = ad?, where d = diameter of stud and

o = 13,000 for 100,000 cycles
= 10,600 for 500,000 cycles
= 7,850 for 2,000,000 cycles
= 5,500 for over 2,000,000 cycles

%)- =0.010 from “COMP” program on IBM mainframe
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HS20 (Multiple Lanes) 2,000,000 cycles (Truck Load)
Allowable range of horizontal shear

Assume 7/3" diameter studs, 3 per row

a=7,850
e \2
7. = L850 V) 3 =18%4 studs — spacing = 25
1,000 S
Table 4-7
Span 1 v, on S Spacing
Abut 1 122 0.010 1.22 148
0.4L1 101 0.010 1.01 17.8
0.7L1 105 0.010 1.05 17.1

2. HS20 (Multiple Lanes) 500,000 cycles (Lane Load)

T 2
X7, = M =243 k/3 studs — spacing =2—fi
1,000 S,
Table 4-8
Span 1 v, QI S, Spacing
Abut 1 134 0.010 1.34 18.1
0.4L1 97.0 0.010 0.97 251>24
use 24
0.7L1 110 0.010 1.10 22.1
3. P13 with HS20 100,000 cycles
000( 2
IZ, = 10008y 3. 29.9 k/3 studs — spacing = 29
1,000 S,
Table 4-9
Span 1 v, ol S, Spacing
Abut 1 299 0010 299 10.0
0.4L1 171 0.010 1.71 17.5
0.7L1 199 0.010 1.99 15.0
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4. HS20 (Single Truck) over 2,000,000 cycles

7% \2
Iz, = %)_3: 12.6 k/3 studs — spacing = 12-6

r

Table 4-10
Span 1 Vv, ol S Spacing
Abut 1 71.6 0.010 0.716 17.6
0.4L1 594 0.010 0.594 21.2
0.7L1 61.3 0.010 0.613 20.6
Spacing for Fatigue
I 40' | 70’ | 40’ !
| Rows@ 10 Rows @ 15 | NoStudsor |
! could use max.
spacing = 24"
0] ¢
Abut 1

Pier 2

Figure 4-21 Spacing of Shear Studs
Number of studs provided for Span 1:

=(48 +56 + 1) x 3 =315 studs

These calculation are also applicable to Span 3 because the bridge is symmetrical. Span 2
calculations are similar.
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4.13.2 Ultmate Strength

The number of studs provided for fatigue must be checked for the ultimate strength of the

structure.
P
N = §S, e (10-60)
where:
N, = number of studs between point of maximum positive moment and adjacent
end support or point of inflection.
0 = 0.85, a reduction factor
S, = ultimate strength of connector
P = ultimate force capacity, smaller of
Py =085 1 Bl; ciciicinsassssssisisanasaemmsnsessonsassanassasssnsasnsssssnssonssassssassasassess, (LOOL)
where:
A, = area of steel section
F,  =yield point of steel
ifi = compressive strength of concrete
b = effective flange width of concrete
I = thickness of concrete

The ultimate strength, S, of the stud connector with H/d > 4 is:

Sn = 04d2‘\‘f;"E < AscF)r P R R R SRR By N he A e e M N RS AY RN E A AR SRR (10—6’6)

where:
E. =w2x33f
o = 3,250 psi, w = 145 pcf, E. = (145)32 33 /3,250 = 3.3 x 106 psi, d = /s in.
1
1,000

S, =0.4(7)3,250(3.3x 106)[ ] =31.7 K/stud

A,. = area of stud section
F,  =yield point of stud

AF, = %( 74)%(70)=42.1 K/stud .-.use S, =31.7 k per stud

P, =AF,=105(50)=5250k
P,  =0.85f bt;=0.85(3.25)131(107/s) =3,936 k
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therefore P = 3,936 k controls

P 3936 _
0S,  0.85(31.7)

number of studs N, =

number of studs required in compression flange length of Span 1 = 2 x 147 = 294 studs
315 studs provided for fatigue > 294 studs required for strength

Fatigue design governs the number of studs in Span 1

4.13.3 Shear Connectors at Points of Contraflexure

If no studs are used over the negative moment area, additional studs are required at the dead
load points of contraflexure to anchor the additional deck reinforcement placed over the pier.
The minimum amount of reinforcement is 1% of the concrete area, of which two-thirds must
be placed in the top layer within the effective width.

Area of concrete = 14.50 ft?

AF  =total area of longitudinal slab reinforcement over pier
=0.01(14.50) = 0.145 ft* = 20.9 in.2

Number of connectors:

Ai? r i
N, = Z—f vt ssssss s ssssssesessssssessssssseesssssessessssoneenes (10-68)
where:
N. = number of additional connectors at points of contraflexure
fr = range of stress due to live load plus impact in the slab reinforcement. f, may
be taken as 10 ksi.
Z, = allowable range of horizontal shear on an individual shear connector
= 126 = 4.2 for 7/s" diameter stud at over 2,000,000 cycles
3
9(1
N, = 20040 0) = 50 studs
4.2

These studs must be placed adjacent to the dead load point of contraflexure within a distance
equal to one-third the effective slab width. The reinforcing should extend 40 diameters
beyond this group.
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4.14 Bearing Stiffener at Pier 2

Reaction at Pier 2 (See Section 4-16, Bridge Design System Computer Qutput):

1. DL (Girdér + Slab) = 1.3(240 + 250) =637 k
2. DL (rail + overlay) = 1.3(82 + 85) =217k
3. Live load — greater of either:
a) IyGroup = 3.0 (185) =555k
b) Ipw Group =0.73 (185) + 1.22 (344) = 555k

R=637+217+555=1,409k

According to BDS Article 10.34.6. bearing stiffeners are designed as concentrically loaded
columns.

PO B5A M o visosinsssismisisisismiisnisnnivimivinssssissusummsiniossesimissssssssamesissssmssees (1=190)
where:

A; = gross effective area of column

and
2
F, = F,[l e F;E (&) ] e (10-151)
¥4 r
when
2
&s\! 2’; E e (10-152)
r ¥
or
2
E, = —% .. (10-153)
(T)
when
KL 2 E e (10-154)
r VF
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where:
K = effective length factor
= 0.75 for welded end connections
r = radius of gyration, F, = yield of steel, E = 29 x 10° psi, F,, = critical buckling
stress

The stiffeners are A709 Grade 36 steel, F, = 36 ksi

for short columns assume

F. =F,=36ksi
P 1.409
Arega = =—— =39.11in.2
R 36
Try:
6 75" 6" 6" 6.75"

Oty

=

16.75"

E
N

N CEZZZFZ TN T FZFIZZT7) |-
. 863

NSNS R NN N N N \\_\\\ NN W R SO NG RO N N RN N NN N N Y :E

|

v E |
Pier 2

Figure 4-22 Plan View of Bearing Stiffeners
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39.1 )
Loitfener = —— = 0.81in.2 Try 8" X 3/s" PL
£ 6(3) ry 4
b’ F,
tl‘(l.i.ﬂ o — = EssssssssssssssssEsssssEaseessEsasasEEtEsETEEaNEEsSen eSS e R R AR SRR s AR s e I0'34
12 33,000 ( )
_8 [36000 . osi ok
=12V33.000 =% . <0.75 in. y
Area

stiffeners = (6)8(3/4) = 36 in.?
web:

between stiffeners = 12(3/4) =9 in.2

outside stiffeners (181,,) = 18(3/4)3/a = 10.1 in.2
total area = 55.1 in.?

(3)% (16.75)°

y o =881 in.#4

=JZ= "& =4.00 in.
A 55.1

KL _ 0.75(96) -18.0
4.00

r

2 2 6
‘ b4 E 2m2(29x 106) _126>KL‘=18.0
r

2
B =R|is [’“*)
4n2E\ r

=36 1= (18.0)* [=35.6 ksi
47%(29%x109)
P, =085AF,=085(55.1)35.6=1,667k>1,409k Okay
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Check bearing on end of stiffeners
bearing strength = 1.5F, = 1.5(36) = 54 ksi

applied bearing (assuming 1%2 in. cope on bearing stiffeners)

= LOQ- =48.2ksi Okay
6(8-1.5)0.75

- use 6 PL 8" x 34" @ Pier 2

Note: Spacing of bearing stiffeners is normally controlled by the size of the bearing pad.
Access for welding should also be considered: the 6 inches shown in Figure 4-22, while
adequate for design purposes, will make welding difficult.
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4.15 Splice Plate Connection

Example and details to be completed at a later date and distributed at that time.
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4.16 Bridge Design System Computer Output

The following pages are selected parts of “Bridge Design System” for the example problem.
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